Abstract-This paper describes a class of microminiature, thin-film devices known as integrated thermionic circuits (ITC) capable of extended operation in ambient temperatures up to 500°C. The evolution of the ITC concept is discussed. A set of practical design and performance equations is demonstrated. Recent 0018-9421/82/0500-0140$00.75
Because the oxide cathode is granular in nature (with crystals on the order of 1 ,um), the 0.2 spacing appears to represent an optimal limit to device size. This technology yields a minimum device size of approximately 10 by 3.5 mil, which is enough to hold over 12 000 devices on a pair of 3/4-in-diam sapphire substrates. As will be described later, factors other than minimum device size currently limit useful density of devices on a substrate. The above tests have all been terminated. Following tests are ongoing using highpurity nickel bulbs and "clean" welding techniques. and Kovar tests, a newer package was designed using nickel. The first test began May 9, 1980, and is still running after 11 520 h. Figs. 6 and 7 show the device characteristics on May 19, 1980, and October 9, 1980 . The device characteristics are virtually unchanged.
The second test (Table II) used a device operating at 5500C; the device is valved off the pump to allow periodic gas-burst tests. This test was terminated after no appreciable gas buildup was observed in 4 000 h.
B. Conclusions RegardingHigh-Temperature Operation
Based on the tests performed to date, ITC technology has demonstrated the ability to operate successfully and reliably for thousands of hours at temperatures up to SOO5C. This temperature is not the fundamental limit for ITC devices, and with the evolution of better gettering techniques (more complex than titanium) and packaging techniques (perhaps glass-ceramic-reference paper in this proceedings by Ballard, Sandia National Laboratories), higher temperature operations are expected in the future.
VI. CIRCUITS
The design of ITC's is in many ways similar to the design of conventional integrated circuits. Therefore, ITC design techniques use the advantages gained from the simultaneous fabrication of many devices on the same substrate. The inherent matching of device characteristics and the tracking of these characteristics over temperature and life are exploited. Func- Triode Ni
Valved off pump to facilitate gas burst tests; developed loops. Burst test at 1400 hours indicated argon present; evidence of gas cleared terminated at 4000 hours, no new gas evolution observed.
c-ovout VinO tional circuit elements such as differential stages, current sources, and circuits that use active devices as loads have been fabricated using discrete ITC devices, and their performance has been verified against theory. The simple active load, shown in Fig. 8 , is particularly valuable because its gain (-i/2) is only dependent on device geometry, the ratio of line width to cathode-anode spacing. Therefore, the gain of the stage is independent of the transconductances of the two devices and, hence, of the operating temperatures.
As a result of the success of designing functional ITC's using discrete devices, the design of ITC's has become the recent emphasis of the program. Because these efforts are ongoing, this section will mainly contain general comments and directions for future work.
The design of integrated circuitry with complex functions on a single pair of substrates presents new challenges and 4 possibilities as a result of device matching and, unfortunately, some problems, in particular, electrostatic interactions between devices. Fig. 9 schematically depicts the origin of such interactions.
The key to increasing the functional complexity and maximum gain on a single substrate pair will be the development of appropriate techniques for making design tradeoffs between device layout (position on the substrate) and circuit function.
Although 
